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In this paper the multivariate cointegration technique coupled with a smooth 
nonlinear trend of time is applied to model the demand for money. Unmodelled 
gradual structural changes in the cointegration parameters affect the specifica-
tion of the cointegration relations so that the number of cointegrating vectors 
found by linear methodology is smaller than suggested by the economic the-
ory. Here the demand for broad money in Finland during 1980–1996 is ana-
lysed. It turns out that, if the cointegrated VAR model is extended with a suit-
able nonlinear deterministic trend of time related to the intercept term, then the 
missing cointegration relation between broad money and the scale variable is 
found and the cointegration space can then be identified. (JEL: C32, C51, E41)

1. Introduction 

This study examines how the potential nonlin-
earity due to structural change in the demand 
for money relation could be modelled and then 
re-evaluates the stability problem from the 
monetary policy point of view. When monetary 
policy involves strategies that in any sense rely 
on monetary targeting, then a stable demand for 
money relation is crucial (Lütkepohl and Wol-
ters, 1999). Changes in regimes and technology 
as well as some exogenous shocks are examples 
of the kinds of change that can alter the behav-

iour of economic agents gradually and thereby 
the parameters and the relations between vari-
ables. Then the parameters of a linear model are 
not stable and the relations could not be correct-
ly specified. However, it is possible to model 
such smooth structural changes by allowing for 
nonlinearities. Hence, even in the case of non-
linearities due to structural changes, we can find 
a stable cointegrating relation between the vari-
ables by using nonlinear modelling (see Ripatti 
and Saikkonen, 2001; Lin and Teräsvirta, 1994; 
and Lanne, 2002 and references therein), as an 
example in this paper will show. 

Ripatti (1998) and Mannonen (2000), using 
Finnish data over the 80s and 90s, show that the 
parameters of interest for the demand for broad 
money are unstable. In particular, they did not 
find a stable relation between the scale variable 
and broad money. An explanation for this result 
could be the effect of institutional changes and 
business cycle fluctuations in the 1990s. These 
kinds of fluctuations and changes can cause 
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nonlinearities in macroeconomic relations (see 
Potter, 1999, p. 516) and distort the identifica-
tion of these relations. In order to evaluate the 
adequacy of these parameters we first have to 
model the existing nonlinearities, as unmodelled 
nonlinearity will distort the parameters. 

Nonlinear modelling of economic time series 
has aroused growing interest amongst econom-
etricians (see, for example, Potter, 1999, for a 
review). The modelling of smooth transition re-
gression has mainly concentrated on short-run 
dynamics when the long-run equilibrium has 
been assumed to be stable (Teräsvirta, 1994). 
To widen the perspective in the case of nonlin-
earities one should also consider cases where 
the long-run equilibrium alters in multivariable 
cointegrating relations. 

This paper focuses on cointegration analysis 
in a case where gradual change in the parame-
ters of interest could accompany gradual change 
in the behaviour of economic agents. Recently 
nonlinearity has been introduced into multi-
variate vector autoregressions (VAR) e.g. by 
Gennari (1998), Ripatti and Saikkonen (2001), 
Johansen, Mosconi and Nielsen (2000) and He, 
Teräsvirta and González (2002), who derived 
a parameter constancy test. Whereas Gennari 
estimated the nonlinear deterministic part in a 
single equation framework and then transferred 
it to multivariate VAR procedure of Johansen 
(1991), this paper proceeds along the lines of 
Ripatti and Saikkonen by estimating the non-
linear part in a multivariate setting. Ripatti and 
Saikkonen focused on a model with a gradu-
ally changing constant term in the cointegra-
tion space: it is thus implicitly assumed that 
there are no (linear) trend components within 
the variables involved. Johansen et al. focused 
on structural breaks in the linear time trend in 
the cointegration space. This paper focuses on 
gradual and smooth change of intercept term 
(constant) with the nonlinear component in the 
cointegration space, but no constant or linear 
time trends constrained to it (for the motivation 
to this see, e.g., Ripatti and Saikkonen, 2001). 

The theory for estimation and statistical in-
ference for the models considered in this paper 
are those developed by Teräsvirta (1994) to uni-
variate stationary models and subsequently ex-
tended by Saikkonen (2001a, b) to multivariate 

cases where stationarity conditions are violated 
in the long run.

The approach taken in this paper is to form 
an economic theory-based assumption about 
the number of the relations between the vari-
ables forming the VAR. The demand for money 
is then derived from the money-in-the-utility-
function approach; this is done in section 2. The 
description of the theoretical statistical model 
for structural changes is done in section 3. In 
section 4 the Finnish monthly data for broad 
money demand is analysed by linear methods. 
An empirical application for the estimation of 
nonlinearities is performed in section 5. Final-
ly, section 6 concludes. It examines the results 
from the statistical and economic theory point 
of view. Some suggestions for future research 
are also made. 

2. Money demand 

In this paper we incorporate money balances 
into the representative agent utility function. 
This money-in-the-utility-function (MIUF) 
model was originally developed by Sidrauski 
(1967), who employed a neoclassical growth 
framework to the study of monetary phenom-
ena. In this context the analysis of monetary 
issues relevant to monetary policy implementa-
tion is straightforward. The parameterisation of 
the utility function in this paper is the one origi-
nally developed by Ripatti (1998). The advan-
tage of this approach is that it gives the number 
and contents of theoretical relations. 

A general form of the representative house-
holdʼs utility function, when money is intro-
duced into it, consists of flow of services yield-
ed by money and consumption in real terms. 
The utility function is assumed to be increasing 
in both arguments, strictly concave and con-
tinuously differentiable. In the case of rational 
economic agents, the flow of services yielded 
by money consists only of real money balances 
M/P, where M is the nominal amount of money 
and P is price level.

The household maximises the discounted 
sum of the expected utility from consumption 
and from money under the budget constraints 
specified later: 
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where δ is the discount factor, ξt is a stochastic 
weight on the real money balances in the utility 
function and Ct is the real value of consump-
tion.

In this paper we will focus on the long-run 
(preference) parameters and their constancy. 
This refers to a situation of equilibrium in the 
money market. Therefore we do not include the 
adjustment costs, which drive the dynamics of 
the system, in the equations. The steady state 
solution alone implies that money is neutral. 
But the dynamics continue to exist even if we 
do not model them here, and thus the real nature 
of money deviates from the neutrality assump-
tion.

The household allocates its real income, y, 
and other earnings among consumption goods 
(Ct), bonds (Bt) and real money balances, Mt/ 
Pt, which pay a gross return of Pt/ Pt+1. A bond 
is here a commonly available asset (a finan-
cial market instrument), which pays a gross 
real return 1+ rt (from time t to time t+1) and 
(nominal) gross return It ≡ 1 + it. Money also 
yields a nominal return (own yield of money) of 
Ot≡1+ot for some definitions of it. The budget 
constraint that the household faces is              

(2)       Ct+Bt+Mt/Pt <  y +(Ot-1Mt-1)/Pt                   

            +(1+rt-1)Bt-1.                   

The first order conditions of the householdʼs 
optimisation problem (1) subject to (2) can be 
written as 

(3)                      

After parameterisation of the utility (to constant 
relative risk aversion form) function the station-
ary equilibrium looks as follows:

(4)         .                  

In the steady state, the stochastic processes should 
have finite variance, which is not the case if any 
of the variables in the model are integrated of 
order d, I(d), d is a positive integer. However, it 
is possible that a linear combination of these I(d) 
variables is stationary, i.e., they are cointegrated. 
In the (log of) stationary equilibrium the 
adjustment costs are zero and Mt = M, Ct = C, It 
= I, etc. It is assumed that the linearized version 
of the steady-state solution of the model should 
represent the stationary linear combination of 
the variables and we obtain the following log-
linear equation for the level parameters:

(5)      

                           

where the last term (1-O/I)(ζt - ζ), is the devia-
tion of the log-linearized velocity process from 
its steady-state value and lower cases denote the 
log-transformation of the variable, log ξ = ζ, o 
and i are the own yield of money and return on 
the nominal bond in fractions. Moreover, ρ and 
ω are risk aversion parameters; ρ for consump-
tion and ω for money.

In order for the equation (5) to have a station-
ary right-hand side, the levels of the variables 
on the same side, zt = [ mt, pt, ct, it ot ]´, should 
be cointegrated. This particular parameterisa-
tion (5) suggests two cointegration vectors. The 
first is the net opportunity cost of money, it - ot, 
and the second is the ʻadjusted  ̓velocity, mt- pt- 
ctρω-1. Interest rates are nominal, and so ac-
cording to the Fisher parity, short-term interest 
rate depends on expected inflation. The expecta-
tions hypothesis of the term structure of interest 
rates predicts that the long-term interest rate is 
the average of the expected short-term inter-
est rate for the entire time to maturity. Hence 
inflation is included in these nominal rates of 
interest. The Fisher parity and the expectations 
hypothesis of the term structure of interest rates 
are in many cases rejected where an empirical 
study relies on linear modelling of time series. 
If we notice the potential nonlinearities and 
asymmetric behaviour of the time series, then 
it becomes less easy to reject these hypotheses 
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(for a discussion and examples, see, e.g., Enders 
and Granger, 1998). 

Other parameterisations with different num-
bers of cointegration vectors are also possi-
ble. When there are five integrated variables, 
in case of order one, the maximum number of 
cointegrating vectors will be four. Thus, what 
is needed in any case, is to test for cointegra-
tion rank, after which one can apply the restric-
tions implied by the theoretical model to iden-
tify the cointegration vectors (in the case of a 
single cointegration vector we can combine the 
terms of the two levels on the right-hand side of 
(5)). It can then be assumed that the variables 
in zt are cointegrated and that β represents the 
cointegration vectors. Then we have
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The price homogeneity restriction imposed to 
the long-run relations hereafter, as in the case of 
earlier studies (e.g. Ripatti 1994, 1998), could 
not be rejected for Finland for the period under 
analysis and we use the same data set as Ripatti 
(1998). It is important to note that shorter pe-
riods could reveal deviations from that restric-
tion. Moreover, as the Fisher parity implies, we 
can not include inflation twice in the relations 
as it is already included in the nominal rates of 
interest. 

3. Statistical model

3.1 Linear model

An n-dimensional time series generated by a 
VAR process of order k, which has an observ-
able outcome yt, t = 1,…, T, can be written as

(6)       Δyt=dt+Γ1Δyt-1+…+Γk-1Δyt-k+1 

            +Πyt-1 + εt,                                  

where Δ is a difference operator, Π and Γi (i 
= 1,…, k-1) are (n×n) matrices of unknown 
parameters and dt is a deterministic (n×1)  se-
quence of level parameters. Furthermore, the 
initial values y-k+1,…, y0 are observable and εt 
~ NID(0, Ω) with Ω positive definite. It is also 
assumed that matrix Π is of reduced rank r (0< 
r < n) so that we can write Π = αβʹ
where α and β are n×r matrices of full column 
rank. We also assume that the parameters of 
the model satisfy the conditions of Johansenʼs 
(1995, p. 49) version of Grangerʼs representa-
tion theorem because we are interested in time 
series cointegrated of order (1, 1). So with suit-
ably specified initial values, both ∆yt and β´yt 
are stationary around deterministic trends (see 
Johansen, 1995, p. 49). Thus, we can conclude 
that the ML estimator of the space spanned by β 
and the rest of the parameter estimators can be 
found by Johansenʼs algorithm (1991). 

3.2 Nonlinear model 

In its deterministic sequence dt the standard 
model described above may contain an intercept 
term, several dummies and possibly a linear 
time trend. The standard model may fail if the 
mean of the error correction term β´yt changes 
in a nonlinear fashion. As a consequence the 
stationarity conditions are violated and the 
parameters of the model are not properly esti-
mated. In this study the nonlinear deterministic 
trend of time is absorbed into the cointegrating 
relations but, however, the intercept term cannot 
be restricted into the cointegration space here. 
Then the sequence dt is of the form

(7)          dt = χt  - αgt(µ)

where χt is a n×1 column vector of those deter-
ministic components that are not included in the 
cointegrating relations and gt(µ) is a generally 
nonlinear deterministic function of time with 
parameter vector µ. Thus, we can proceed as 
Ripatti and Saikkonen (2001) and rewrite the 
equation (6) as

(8)     Δyt =   χt  + α(β´yt-1-gt(µ)) + Γ1Δyt-1

           +…+ Γk-1Δyt-k+1 + εt.                      

.
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A convenient way to specify the nonlinear 
sequence gt(µ) is to assume that it depends on t/

T such that gt(
t/T; µ) takes values between 0 and 

1. The function gt(·; µ) may be specified as 

(9)     gt(
t/T;µ) =[1+ exp{-γ(t/T - τ)}]-1δ       

or

(10a)  gt(
t/T;µ)=[1 - exp{-γ(t/T-τ)2}]δ            

or

(10b)  gt(
t/T;µ)  = exp{-γ(t/T - τ)2}δ  ,            

where µ =[δ´, γ, τ]´ with δ unknown n×1 pa-
rameter vector while γ and τ are scalar param-
eters with τ and γ > 0. These functions model a 
smooth change in the coefficients (see Teräsvirta, 
1998, for a review). In (9) the smooth change is 
modelled by a logistic function and the idea is to 
add a new level to the equilibrium described by 
β´yt. In (10a) and (10b) the density function of 
the normal distribution is utilised and the change 
about parameter τ, which determines the average 
location of the change, is symmetric. Parameter 
γ is a slope parameter which indicates how rapid 
the change is. The smaller the value of γ, the 
longer it takes for the term in to reach its new 
level. If in (9) the value of γ is ʻlargeʼ, we are 
close to the case of a sudden structural break, 
i.e., step dummy (for details see, for example, 
Ripatti and Saikkonen, 2001). Finally, there can 
be more than a single smooth transition in the 
term to which the transition applies. 

The parameters of the nonlinear model in (8) 
can be estimated by ML, see Saikkonen (2001a, 
b). Conventional dummy variables may also 
be included. The most important cases to be 
excluded are structural breaks with unknown 
break dates (conventional regime switching 
models) or dummy variables with jump dates 
which depend on unknown parameters. This 
maximisation problem is naturally nonlinear. 
Saikkonen (2001a) shows that, under suitable 
regularity conditions, the ML estimators are 
consistent and standard inference can be applied 

except for the linearity hypothesis because of an 
identification problem of the slope parameter, 
see Lin and Teräsvirta (1994).

4. Empirical study

4.1 Data and history

The data are from the Bank of Finland and Sta-
tistics Finland databases and consist of season-
ally unadjusted monthly data on harmonised 
broad money (M3H) defined in February 2002, 
a monthly volume indicator (a combined index 
of various indicators such as industrial produc-
tion, retail sales, consumption of electricity, 
etc.) for real gross domestic product (GDP) as 
a scale variable (a proxy for consumption), the 
consumer price index (1990 = 100), the three-
month money market interest rate as an op-
portunity cost for money and the own yield on 
money from the years 1980:1–1996:2. Graphs 
of the variables and specific definitions are 
shown in Figure 1.

During the time period considered in this 
study the financial institutions in Finland 
changed significantly; see, e.g., Vihriälä (1990) 
and Koskenkylä (ed.) (2003). In the 1980s de-
regulation of the financial market took place in 
Finland as in other OECD countries; deposit 
and loan rates were liberalised, credit rationing 
was abolished, money markets were created and 
capital movements were deregulated. As a result 
of cross-border trade in financial services (tight-
er competition), technological advancement and 
banking crisis of the early 1990s, the Finnish 
banking sector changed substantially. Recession 
of the early 1990s and some severe crises in the 
development of international economy resulted 
to floating of Finnish markka in 1992. Then 
the Finnish markka devaluated substantially. In 
1996 Finland joined the Exchange Rate Mecha-
nism (ERM) system and the course of Finnish 
markka was fixed against the other euro curren-
cies. These changes could be seen as reasons 
for economic agents to alter their behaviour in 
a nonlinear manner (in some cases also in ad-
vance when the agents know the forthcoming 
mandatory change).
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Figure 1. Variables graphs: (m – p) is the log of harmonised real money balances, c the log index of monthly volume 
indicator for real gross domestic production (1990 = 100) as a proxy for consumption, i the 3-month money market rate 
and o the own yield of broad money after taxes.

4.2 Linear model for Finnish money 
demand

Before we consider including any nonlinear 
component in the cointegrating relations, we 
proceed as Ripatti (1998) (in fact we analyse 
the same data set and time period) and form 
a linear empirical model from the equilibrium 
relations between the variables. These param-
eters then reflect the parameters of the utility 
function (Ripatti, 1998, p. 88). 

First we form an unrestricted VAR for real 
money, real GDP, the short term interest rate 
and the own yield of money included in the 
system. Lag length k = 4 produced the best 
results to eliminate the autocorrelation of the 
residuals, but the normality conditions were vi-
olated due to excess kurtosis. Centred seasonal 
dummies were included in the model because 
of the strong seasonal pattern of the scale vari-
able (GDP). Those dummies do not affect the 
asymptotic distributions of the test statistics. 

We added a dummy to the cointegration space 
to capture the possible effects of the financial 
liberalisation of the year 1987 for April 1987 
onward (D87:4) to interest rate relation (for the 
motivation for this, see Ripatti and Saikkonen, 
2001; there was a deregulation of issuing certifi-
cates of deposits in 1987). Therefore the criti-
cal values of the trace test for the cointegration 
rank r reported in Table 1 are calculated with 
the Disco program by Nielsen (1997).

The trace test suggests one cointegrating 
vector in the parameter space instead of two 
expected according to the theory. The results 
are parallel to those of Ripatti (1998) for broad 
money, as in the main the same data was used 
(the only exception is for broad money, the defi-
nition of which was renewed). One reason for 
this could be that some of the parameters are in-
tegrated of order two, I(2). Another reason may 
be the presence of nonlinearity. As the station-
arity conditions could be violated by this I(2):
ness, we have to test it. The test is carried out 
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according to the two-step procedure proposed 
by Johansen (1995). In this case the possible 
I(2):ness is clearly rejected by the test (results 
available upon request).

We then restricted the relations according 
to the theory presented in section 2.1. In the 
restricted relations the parameters of the semi 
elasticity of the own yield of money, scale 
elasticity and step dummy 87:4 were estimated 
freely. The results are presented in table 2.
The restrictions cannot be rejected (the p-value 
equals 0.11). The potential presence of nonlin-
earity could affect the rank as the discussion in 
Ripatti and Saikkonen (1998) shows. The recur-
sive estimates of the parameters and stability 

H0 λtrace 95 % critical values

r = 0 66.31 51.25
r ≤ 1 33.51 32.67
r ≤ 2 14.19 17.94
r ≤ 3 3.50 5.96

Table 1. Trace test of cointegration rank

real broad 
money

real 
gdp

short term 
interest rate

own yield 
of money

D87:4

1 -3.339
(0.338)

0 0 0

0 0 1 -1.819
(0.124)

0.024
(0.003)

Table 2. Restricted cointegration relations

test (not shown here, test results available upon 
request) are unstable. 

Figure 2 shows the cointegration relations re-
stricted according to the theory derived in sec-
tion 2.1. The first vector that is not stationary 
in any sense (possibly due to the recession on 
account of the timing of the nonstationarity) is 
between money aggregate M3H and the scale 
variable (GDP as a proxy for consumption); 
these variables are in logarithmic form. The 
second vector is between interest rates which, 
instead, are not in logarithmic form. Because of 
the very strong seasonal pattern the seasonality 
could be seen from the figures although sea-
sonal dummies are included. 

Figure 2. Restricted cointegration relations
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An explanation for the fact that we did not 
find the expected cointegration with the scale 
variable and aggregate money lies in the fluc-
tuations of the business cycle during the 1990s.  
Fluctuations of this kind could induce nonlin-
earities into the macro economic relations (see 
Potter, 1999, p. 516). These unmodelled chang-
es could possibly be fixed by nonlinear model-
ling. As discussed earlier, the nonstationarity in 
the present case could potentially be modelled 
by a smooth deterministic function of time that 
describes the gradual change in the preferences 
of economic agents. 

5. Nonlinear model for Finnish money 
demand

We continued modelling the demand for money 
in Finland by adding a nonlinear part into the 
cointegration space to model the change in the 
intercept term (but, of course, the change could 
happen in any of the parameters). This enables 
us to judge whether the nonlinear extension 
gives a model with better stability properties. 

We continue with the model that was estimat-
ed by linear methods in the previous chapter and 
is derived and constrained according to the theo-
ry outlined in section 2.1. As in the linear case, 
we added a step dummy, d87:4, to approximate 
a change in the intercept term in the interest rate 
relation. Ripatti and Saikkonen (2001) modelled 
the same change in the interest rate relation with 
a gradually changing smooth deterministic trend 
of time that is additive to the intercept term. As 
we want to limit the number of transition varia-
bles to be estimated we do not include a separate 
deterministic trend to this interest rate relation. 
From the graphs of the restricted cointegration 
relations shown in Figure 1 we can get an idea 
of the possible timing and shape of the gradual 
change. To select the best-fitting model we try 
different specifications of the shape of underly-
ing nonlinearity (functions 9–10b), and in each 
case test the restrictions on the cointegration 
space implied by the theory. The highest p-value 
is for a model that is specified as function 10b, 
in which case the transmission has been a sym-
metrical ʻbell shape  ̓change (see the transition 
function in Figure 3). The timing of the non-
linear trend is found in its natural place in the 
deepest years of the recession of 1990s. 

Figure 3. The estimated nonlinear deterministic time trend
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The preferred restricted model is 

(11)    ∆yt = χ–α{y1,t-1–A y2,t-1– d –φf(γ((t/T )

          - τ ))}–Γqt + εt   

where χ is a 4×1 parameter vector of the in-
tercept terms, yt=[y1,t  ̓ , y2,tʼ]  ̓ with y1,t= [(mt 
– pt) it]  ̓and y2,t=[ct ot ]ʼ, where (mt – pt) is the 
logarithmic index of the real money balances, 

it is the nominal 3-month interest rate, ct is a 
logarithmic index of the scale variable (GDP 
volume indicator, 1990=100) as a proxy for 
consumption and  ot is the nominal own yield 
of money. Moreover, A is a 2×2 matrix and ϕ 
is a 2×1 vector of parameters and f(γ((t/T) - τ) 
= exp{γ ((t/T)-τ)2}. It is then assumed that the 
form of nonlinearity is the same in each cointe-
grating relation. The step dummy d87:4 is in-
cluded in the 2×1 vector d.

Figure 4. Cointegration relation with estimated nonlinear time trend

Visual inspection of Figure 4 indicates that 
the cointegrating vector between the money 
aggregate and the scale variable is stationary. 
Thus, there is evidence in favour of a cointe-
gration relation if the changes in behaviour of 

economic agents occur in the nonlinear fashion 
given by model (11) form.

The ML estimates of the long-run parameters 
of the model are as follows (standard errors of 
the level parameters are given in parenthesis);
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+  χ +Γqt + εt

The estimates for the scale elasticity and 
semielasticity of the own-yield of money are 
quite reasonable in the model that contains the 
nonlinear time trend. Nonetheless the magnitude 
of these parameters is greater than expected. 
A theoretically and empirically congruent 
explanation could, however, be found: the 
contents of the components belonging to the 
money aggregate M3H were formed at the 
beginning of the period under study and no such 
components existed before the deregulation 
of the money market. Moreover, as Fase and 
Winder (1999) show, the strong increase in 
broad money (in Europe) should be attributed to 
portfolio investment considerations rather than 
to an expansionary monetary policy. The same 
market formation is naturally also behind the 
semi elasticity parameter of the own-yield of 
money.

The nonlinear deterministic trend of time is 
restricted to appear only in the relation between 
money and its scale variable, because in the other 
relation for the interest rates it is rejected by the 
LR-test at the 5 % significance level, and only 
distorts the relation in an unstationary direction. 
All the parameters have been estimated as 
conditional on the location and slope parameters 
of the transition process (τ- and γ-parameters 
which are found after several iterations of 
estimation conditional on the other parameters). 

6. Conclusions

The purpose of this paper is to examine how the 
potential nonlinearity due to structural change 

in the demand for money relation could be mod-
elled and then re-evaluate the stability problem 
from the monetary policy point of view. The 
proposed approach is demanding because of the 
statistical problems related to the ML estimation 
of the parameters in the case of a nonlinear time 
trend. The results show that a stable demand for 
money relation can be found by utilizing non-
linear methods. It is the level of money holdings 
with respect to the scale variable which appears 
to have been affected by the recession because 
nonlinearity seems to be related to the inter-
cept term. By taking into account the potential 
nonlinearities we can thus reach a reasonable 
solution from the stability point of view. But 
from the stand point of monetary policy some 
considerations remain. First, where do these 
nonlinearities due to structural changes come 
from? Then, what effect do these changes have 
on the attainment of the objectives of a given 
monetary policy?

It could be that the preferences of economic 
agents have changed during the period under 
study or that the policy regime has changed 
thereby inducing changes in the behaviour of 
agents (Lucas, 1976) or that the technologies 
have changed. It is reasonable to assume that the 
recession would have affected the level of finan-
cial assets held by agents but not their prefer-
ences because the smooth transition is related to 
the intercept term. Hence the demand for money 
is not unstable if we allow for nonlinearities 
in the model. If instability is the only reason 
for rejecting money growth as an intermediate 
target for monetary policy implementation, then 
it has to be re-evaluated. In the linear world we 
can thus draw the wrong conclusions and infer-
ences. Evaluating the second question is more 
problematic. Recent research has shown that the 
connections between the monetary transmis-
sion mechanism and the objectives of monetary 
policy depend to a large extent on the structure 
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of the economy (Juselius, 1999). Therefore we 
have to take into account the sources of nomi-
nal rigidities (Walsh, 2002) and the framework 
(monetary or inflation targeting or a mixture of 
both) under which monetary policy is executed. 
Before we can make any conclusions about the 
usefulness of money growth as an intermedi-
ate target in monetary policy implementation, 
we have to step away from a linear world. This 
calls for a proper theoretical framework within 
which to analyse these monetary issues. 

References
Enders, W., and C.W.J. Granger (1998). “Unit-Root Tests 

and Asymmetric Adjustment With an Example Using the 
Term Structure of Interest Rates.” Journal of Business 
and Economic Statistics 16, 304-311.

Fase, M., and C. Winder (1999). “Wealth and the demand 
for money in the European Union.” In Money Demand in 
Europe. Eds. H. Lütkepohl and J. Wolters. Heidelberg: 
Physica-Verlag.

Gennari, E. (1999). “Estimating Money Demand in Italy 
1970–1994.” EUI WP/99/7.

González, A., C. He, and T. Teräsvirta (2002). “Testing 
Parameter Constancy in Stationary  Vector Autoregres-
sive Models against Continuous Change.” Mimeo, 
Stockholm  School of Economics. 

Haavelmo, T. (1943). “The probability approach in econo-
metrics.” Econometrica 12 (supplement), 1–118. 

Hansen, H., and S. Johansen (1993). ”Recursive Estima-
tion in Cointegrated VAR-Models.” University of Co-
penhagen, Institute of Mathematical Statistics, Preprint 
1993–1.

Hendry, D.F. (1995). Dynamic Econometrics. Oxford: Ox-
ford University Press.

Johansen, S. (1988). “Statistical analysis of cointegrating 
vectors.” Journal of Economic Dynamics and Control 
12, 231–254.

----- (1991). “Estimation and Hypothesis Testing of Cointe-
gration Vectors in Gaussian Vector Autoregressive Mod-
els.” Econometrica 59, 1551–1580.

----- (1995). Likelihood Based Inference in cointegrated 
Vector Autoregressive Models. Oxford: Oxford Univer-
sity Press.

Johansen, S., R. Mosconi, and B. Nielsen (2000). “Coin-
tegration analysis in the presence of structural breaks 
in the deterministic trend.” Econometrics Journal 3, 
216–249.

Juselius, K. (1999). “Changing monetary transmission 
mechanism within the EU.” In Money Demand in Eu-
rope.  Eds. H. Lütkepohl and J. Wolters. Heidelberg: 
Physica-Verlag.   

Koskenkylä, H. (ed.) (2003). Finnish financial markets 
2002. Bank of Finland Studies A:105. 

Lanne, M. (2002). “Nonlinear Dynamics of Interest Rate 
and Inflation.” Bank of Finland Discussion Paper 
21/2002.

Lin C.-F., and T. Teräsvirta (1994). “Testing the Con-
stancy of Regression Parameters Against Continu-
ous Structural Change.” Journal of Econometrics 62, 
211–228.                            

Lütkepohl, H., and J. Wolters (eds.) (1999). Money De-
mand in Europe. Heidelberg: Physica-Verlag.

Mannonen, P. (2000). “Essays in Monetary Economics.” 
Publications of the Turku School of Economics and 
Business Administration A–3:2000.

Nielsen, B. (1997). DisCo, Version 1.4, A Program for 
Simulating Asymptotic tables of the Cointegration Rank 
Test. Institute of Mathematical Statistics, University of 
Copenhagen.  

Potter, S.M. (1999). “Nonlinear Time Series Modelling: 
An Introduction.” Journal of Economic Surveys 13, 
505–528.

Ripatti, A. (1998). “Demand for Money in Inflation-Target-
ing Monetary Policy.” Bank of Finland Studies E:13.

Ripatti, A., and P. Saikkonen (2001). ”Vector Autoregres-
sive Processes with nonlinear time trends in cointegrat-
ing relations.” Macroecomic Dynamics 5, 577–597. 

Saikkonen, P. (2001a). “Consistent Estimation in Cointe-
grated Vector Autoregressive Models with Nonlinear 
Time Trends in Cointegration Relations.”Econometric 
Theory 17, 296–326.        

----- (2001b). “Statistical Inference in Cointegrated Vec-
tor Autoregressive Models with Nonlinear Time Trends 
in Cointegration Relations.” EconometricTheory 17, 
327–356.                          

Sidrauski, M. (1967). “Rational Choice and Patterns of 
Growth in a Monetary Economy.” American Economic 
Review 57, 534–544

Teräsvirta, T. (1994). “Specification, Estimation, and 
Evaluation of Smooth Transition Autoregressive Mod-
els.” Journal of the American Statistical Association 89, 
208–218.                                             

----- (1998). “Modeling Economic Relationships with 
Smooth Transition Regressions.” In Handbook of Ap-
plied Economic Statistics, 507–552. Eds. A. Ullah and 
D.E.A. Giles. New York: Marcel Deccer Inc..

Tong, H. (1990). Non-linear Time Series: A Dynamical Sys-
tem Approach. Oxford: Oxford University Press.  

Walsh, C.E. (2002). “Economic Structure and Monetary 
Policy Design.” Available at: http://econ.ucsc.edu//
~walshc/#workingpapers




